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P h y s i o l o g i s c h e s I n s t i t u t d er Universität München 
P e t t e n k o f e r s t r . 12, D-8000 München 2 
A l t h o u g h i t i s w e l l known t h a t e n d o t h e l i a l c e l l s a r e i n v o l v e d 
i n s e v e r a l b i o l o g i c a l p r o c e s s e s such as t r a n s p o r t * ! , h e m o s t a s i s ^ , 
s y n t h e s i s o f c o l l a g e n - ^ , h i s t a m i n e ^ and p r o s t a g l a n d i n s ^ , our know-
ledge c o n c e r n i n g i n t e r m e d i a r y m e t a b o l i s m o f t h e e n d o t h e l i u m i s r a -
t h e r l i m i t e d . I n t h e co u r s e o f s t u d i e s on i n t e r r e l a t i o n s h i p s b e t -
ween h e a r t f u n c t i o n and c a r d i a c m e t a b o l i s m ^ 7 w e became i n t e r e s t e d 
i n some f e a t u r e s o f p u r i n e m e t a b o l i s m o f c o r o n a r y e n d o t h e l i a l 
c e l l s . Our i n t e r e s t was i n i t i a t e d by t h e a s s u m p t i o n t h a t these 
c e l l s m i g h t c o n t r i b u t e t o t h e p r o d u c t i o n o f v a s o a c t i v e adenosine 
w h i c h i s c o n s i d e r e d t o p l a y an i m p o r t a n t r o l e i n t h e m e t a b o l i c r e -
g u l a t i o n o f c o r o n a r y b l o o d flow^»^. The s t u d i e s - n o t p o s s i b l e o f 
c o u r s e t o be p e r f o r m e d under i n v i v o c o n d i t i o n s - were c a r r i e d o u t 
on c u l t u r e d e n d o t h e l i a l c e l l s i s o l a t e d f r o m c o r o n a r y v e s s e l s o f 
g u i n e a p i g h e a r t s as r e c e n t l y d e s c r i b e d ^ . 
MATERIALS AND METHODS 
C u l t u r e Medium 199 (Seromed, München) c o n t a i n i n g p e n i c i l l i n e 
(200 TJ/ml) and s t r e p t o m y c i n e (200 ug/ml) was supplemented w i t h f e -
t a l c a l f serum ( 2 0 % ) and L - g l u t a m i n e (2 mM). Column p a c k i n g s ( t o -
t a l l y p o r o u s s i l i c a ) f o r H i g h P r e s s u r e L i q u i d Chromatography (HPLC) 
were o b t a i n e d f r o m Macherey & N a g e l , Düren. N u c l e o t i d e s , n u c l e o -
s i d e s and bases f o r c a l i b r a t i o n were purc h a s e d f r o m B o e h r i n g e r 
Mannheim, a l l o t h e r m a t e r i a l s o f h i g h e s t a v a i l a b l e p u r i t y f r o m 
Merck, D a r m s t a d t . 
P r e p a r a t i o n o f c e l l s and c e l l c u l t u r e : Guinea p i g h e a r t s were 
c a n n u l a t e d t h r o u g h t h e a o r t a , and t h e i r c o r o n a r y system, washed 
25 
26 S. N E E S E T A L . 
f r e e of b l o o d , was f i l l e d w i t h an i s o t o n i c b u f f e r s o l u t i o n c o n ­
t a i n i n g c o l l a g e n a s e and t r y p s i n ( 0 . 1 % e a c h ) . A f t e r an exp o s u r e of 
20 min p e r f u s i o n was s t a r t e d a g a i n and a l l e n d o t h e l i a l c e l l s w h i c h 
had been d e t a c h e d , were c o l l e c t e d f r o m t h e p e r f u s a t e by c e n t r i f u -
g a t i o n . S u b s e q u e n t l y , t h e c e l l s were washed w i t h c u l t u r e medium 
and seeded i n c u l t u r e d i s h e s . C u l t i v a t i o n was p e r f o r m e d a t 3 7°C i n 
a h u m i d i f i e d a i r atmosphere c o n t a i n i n g 3% C O 2 . Depending on t h e 
i n o c u l u m c o n f l u e n c y was reached a f t e r 2 t o 4 weeks. C o n t a m i n a t i o n s 
w i t h f i b r o b l a s t s and smooth muscle c e l l s were u s u a l l y l e s s t h a n 2% 
As j u d g e d by e l e c t r o n m i c r o s c o p y t h e c u l t i v a t e d e n d o t h e l i a l c e l l s 
r e v e a l e d i m p o r t a n t m o r p h o l o g i c a l c r i t e r i a o f e n d o t h e l i a l c e l l s i n 
v i v o ( c l u s t e r s o f f r e e r i b o s o m e s , smooth and roug h e n d o p l a s m i c r e ­
t i c u l u m , clumps o f co a r s e f i l a m e n t s , f i n e f i l a m e n t s and p r o m i n e n t 
m i c r o t u b u l e s i n t h e c y t o p l a s m a ) . 
A n a l y s i s o f n u c l e o t i d e s , n u c l e o s i d e s and bases: C u l t u r e d en­
d o t h e l i a l c e l l s were e x t r a c t e d w i t h 0.4 Ν p e r c h l o r i c a c i d . Q u a n t i ­
t a t i o n o f t h e d i f f e r e n t p u r i n e compounds i n t h e n e u t r a l i z e d c e l l 
e x t r a c t s was c a r r i e d o u t by a p p l i c a t i o n o f s p e c i a l l y e l a b o r a t e d 
HPLC-techniques u s i n g weak a n i o n exchange columns f o r t h e s e p a r a ­
t i o n o f t h e n u c l e o t i d e s and r e v e r s e phase columns f o r n u c l e o s i d e s 
and bases. 
D e t e r m i n a t i o n o f enzyme a c t i v i t i e s : S p e c i f i c a c t i v i t i e s o f 
enzymes i n v o l v e d i n n u c l e o t i d e m e t a b o l i s m were measured i n a 
20 000 g membrane p r e p a r a t i o n as w e l l as i n a s o l u b l e 200 000 g 
s u p e r n a t a n t f r a c t i o n o f e n d o t h e l i a l c e l l s . Enzyme t e s t s were p e r ­
formed u s i n g s t a n d a r d p r o c e d u r e s , s u b s t r a t e s and p r o d u c t s were se­
p a r a t e d by HPLC. 
RESULTS AND DISCUSSION 
I n T a b l e 1 mean v a l u e s f r o m t h r e e i n d i v i d u a l s e r i e s o f a n a l y ­
ses c o n c e r n i n g c o n t e n t s o f p u r i n e n u c l e o t i d e s , n u c l e o s i d e s and ba­
ses i n non- g r o w i n g c o n f l u e n t e n d o t h e l i a l c e l l c u l t u r e s a r e l i s t e d . 
For reasons o f comparison r e s p e c t i v e d a t a f o r normoxic m y o c a r d i a l 
t i s s u e a r e a l s o g i v e n . O b v i o u s l y , e n d o t h e l i a l c e l l s c o n t a i n e x t r a ­
o r d i n a r i l y h i g h amounts o f ATP, ADP and AMP. The sum o f t h e adenine 
n u c l e o t i d e s (£?ATP, ADP, AMP) reaches w i t h more t h a n 15 umoles/g 
a v a l u e w h i c h i s about t h r e e t i m e s h i g h e r t h a n t h e mean ade n i n e 
n u c l e o t i d e c o n t e n t o f c a r d i a c t i s s u e . A n o t h e r i n t e r e s t i n g f e a t u r e 
o f e n d o t h e l i a l c e l l s concerns t h e i r h i g h l e v e l s o f adenine n u c l e o ­
t i d e d e g r a d a t i v e s . The c o n t e n t s o f a d e n o s i n e , i n o s i n e , a d e n i n e and 
h y p o x a n t h i n e a r e about 1 t o 2 o r d e r s o f magnitude h i g h e r t h a n t h e 
r e s p e c t i v e v a l u e s f o r t h e myocardium. I n c o n t r a s t t o t h e h i g h l e ­
v e l s o f adenine n u c l e o t i d e s g u a n i n e n u c l e o t i d e s a r e p r e s e n t i n en­
d o t h e l i a l c e l l s o n l y i n s m a l l q u a n t i t i e s , w h i c h a r e s i m i l a r t o 
th o s e i n m y o c a r d i a l and o t h e r t i s s u e s . 
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T a b l e 1: C o n t e n t o f ade n i n e n u c l e o t i d e s and t h e i r d e p h o s p h o r y l a t e d 
d e g r a d a t i v e s i n c o n f l u e n t c o r o n a r y e n d o t h e l i a l c e l l s and i n myocar-
d i a l t i s s u e o f g u i n e a p i g s . Mean v a l u e s f r o m t h r e e i n d i v i d u a l s e r i e s 
of a n a l y s e s o f 11 c u l t u r e d i s h e s each. 
E n d o t h e l i a l c e l l s Myocardium 
nmoles/g nmoles/g 
ATP 11 960 4 280 
ADP 2 760 1 050 
AMP 630 160 
^> fATP, ADP, AMP 1 5 350 5 490 
Adenosine 87 2 
I n o s i n e 100 1 .2 
Adenine 60 0.5 
Hypoxanthine 50 0.9 
GTP 233 200 
GDP 157 100 
GMP 37 23 
Guanosine *) *) 
Guanine *) *) 
not d e t e c t a b l e 
A d d i t i o n a l e x p e r i m e n t s r e v e a l e d t h a t g r o w t h s t a t e o f t h e c u l -
t u r e s d i d n o t p r o f o u n d l y i n f l u e n c e t h e t o t a l c o n t e n t o f adenine 
n u c l e o t i d e s . F u r t h e r m o r e , i n c u b a t i o n o f c o n f l u e n t c e l l c u l t u r e s i n 
p u r i n e - f r e e media f o r t h r e e days d i d n o t r e s u l t i n any d e t e c t a b l e 
r e d u c t i o n o f t h e adenine n u c l e o t i d e c o n t e n t . On t h e o t h e r hand, 
e n d o t h e l i a l c e l l s p r o v e d t o be s e n s i t i v e t o l a c k o f oxygen. I t i s 
e v i d e n t f r o m t h e d a t a i n F i g . 1 t h a t b r i e f p e r i o d s o f a n o x i c i n c u -
b a t i o n (1.5 and 3 m i n , r e s p e c t i v e l y ) cause a pronounced decrease 
o f ATP w i t h a c o r r e s p o n d i n g i n c r e a s e i n ADP and AMP l e v e l s . S i m u l -
t a n e o u s l y , r e m a r k a b l e amounts o f adenosine a r e formed and r e l e a s e d 
f r o m t h e c e l l s i n t o t h e i n c u b a t i o n medium. 
I t appears f r o m a l l t h e s e o b s e r v a t i o n s t h a t t h e e x t r e m e l y h i g h 
a d e n i n e n u c l e o t i d e l e v e l s a r e v e r y l i k e l y a s p e c i f i c f e a t u r e o f 
c u l t u r e d e n d o t h e l i a l c e l l s . T h i s v i e w i s f u r t h e r s u p p o r t e d by de-
t e r m i n a t i o n s o f a c t i v i t y v a l u e s o f enzymes i n v o l v e d i n d e g r a d a t i o n 
and s y n t h e s i s o f ade n i n e n u c l e o t i d e s ( T a b l e 2 ) . W h i l e 5 1 - n u c l e o t i -
dase a c t i v i t y i n e n d o t h e l i a l c e l l s exceeds by f a r t h a t o f myocar-




l nmoles/g ] 
F i g . 1: I n f l u e n c e o f a n o x i a on l e v e l s o f adenine n u c l e o t i d e s i n co-
r o n a r y e n d o t h e l i a l c e l l s and on t h e r e l e a s e o f adenosine i n t o t h e 
medium (mean v a l u e s f r o m 3 e x p e r i m e n t s ) 
d i a l t i s s u e , t h e o p p o s i t e h o l d s t r u e f o r adenosine deaminase, t h e 
a c t i v i t y o f w h i c h i s much h i g h e r i n t h e myocardium. These d i f f e r e n -
ces i n t h e p a t t e r n of enzyme a c t i v i t i e s may r e a s o n a b l y e x p l a i n 
t h a t e n d o t h e l i a l c e l l s c o n t a i n adenosine i n r a t h e r h i g h amounts 
compared w i t h t h e s m a l l q u a n t i t i e s o f t h i s n u c l e o s i d e f o u n d i n t h e 
myocardium. As i s f u r t h e r e v i d e n t f r o m t h e d a t a i n T a b l e 2, a c t i -
v i t i e s o f G-6-PDH and PRPP-synthetase, i n d i r e c t l y i n v o l v e d i n t h e 
b i o s y n t h e s i s o f n u c l e o t i d e s , p r o v e d t o be much h i g h e r i n e n d o t h e l i -
a l c e l l s t h a n i n c a r d i a c t i s s u e . These f i n d i n g s are i n accordance 
w i t h r e s u l t s f r o m p r e l i m i n a r y s t u d i e s , i n w h i c h by use o f 1-^C-
g l y c i n e and ^ C - l a b e l e d p u r i n e bases p u r i n e n u c l e o t i d e s y n t h e s i s 
i n e n d o t h e l i a l c e l l s was shown t o p r o c e e d v i a s a l v a g e and de novo 
pathways. 
SUMMARY 
E n d o t h e l i a l c e l l s f r o m c o r o n a r y v e s s e l s o f g u i n e a p i g h e a r t s 
were i s o l a t e d , c u l t i v a t e d and m o r p h o l o g i c a l l y c h a r a c t e r i z e d . - C e l l s 
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T a b l e 2: Enzyme a c t i v i t i e s i n c u l t u r e d c o r o n a r y e n d o t h e l i a l c e l l s 
and i n c a r d i a c t i s s u e f r o m g u i n e a p i g s . 
S p e c i f i c a c t i v i t y [ n m o l e s / m i n *mg] 
E n d o t h e l i a l 
c e l l s 
C a r d i a c 
t i s s u e 
5 ' - N u c l e o t i d a s e 
[E.C. 3.1.3.5] 95 13.6 
A l k a l i n e p h o s p h a t a s e 
[E.C. 3.1.3.1] 14.6 24 
AMP d e a m i n a s e 
[E.C.3.5.4.6] 1 .1 2.2 
A d e n o s i n e d e a m i n a s e 
[E.C. 3.5.4.4] 3.4 28 
G l u - 6 - P - d e h y d r o g e n a s e 
[E.C. 1.1.1.49] 12.7 4.2 
P R P P - s y n t h e t a s e 
[E.C. 2.7.6.6] 6.58 1 .9 
A P R - t r a n s f e r a s e 
[E.C. 2.4.2.7] 0.7 0.2 
G P R - t r a n s f e r a s e 
[E.C. 2.4.2.8] 0.3 0.1 
A d e n y l a t e c y c l a s e 
[E.C. 4.6.1.1] 0.1 0.4 
P h o s p h o d i e s t e r a s e 
[E.C. 3.1.4.1] 2.1 15 
f r o m c o n f l u e n t c u l t u r e s c o n t a i n e d adenine n u c l e o t i d e s and t h e i r de-
p h o s p h o r y l a t e d d e g r a d a t i v e s i n e x c e p t i o n a l l y h i g h amounts.- Adenine 
n u c l e o t i d e l e v e l s were o n l y s l i g h t l y i n f l u e n c e d by t h e g r o w t h s t a t e 
o f t h e c u l t u r e s and remained s t a b l e d u r i n g i n c u b a t i o n f o r t h r e e 
days i n p u r i n e - f r e e medium. I n c o n t r a s t , b r i e f i n c u b a t i o n o f endo-
t h e l i a l c e l l s under a n o x i c c o n d i t i o n s r e s u l t e d i n a s u b s t a n t i a l 
breakdown o f adenine n u c l e o t i d e s a s s o c i a t e d w i t h an enhanced f o r -
m a t i o n and r e l e a s e o f a d e n o s i n e . - Measurements o f s p e c i f i c a c t i v i -
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t i e s o f enzymes i n v o l v e d i n adenine n u c l e o t i d e s y n t h e s i s and de­
g r a d a t i o n l e n d a d d i t i o n a l s u p p o r t t o t h e v i e w t h a t a v e r y a c t i v e 
a d e n i n e n u c l e o t i d e m e t a b o l i s m i s a t y p i c a l f e a t u r e o f c u l t u r e d 
c o r o n a r y e n d o t h e l i a l c e l l s . 
REFERENCES 
1) F. C l e m e n t i and G. E. P a l a d e , I n t e s t i n a l c a p i l l a r i e s . 
P e r m e a b i l i t y t o p e r o x i d a s e and f e r r i t i n , J. C e l l . 
B i o l . 41:33 (1969) 
2) E. A. J a f f e , L. W. Hoyer, and R. L. Nachman, S y n t h e s i s o f 
von W i l l e b r a n d f a c t o r by c u l t u r e d human e n d o t h e l i a l 
c e l l s , Proc. N a t l . Acad. S e i . USA 71:1906 (1974) 
3) Β. V. Howard, E. J. Macarak, D. Günsen, and N. A. K e f a -
l i d e s , C h a r a c t e r i z a t i o n o f t h e c o l l a g e n s y n t h e s i z e d 
by e n d o t h e l i a l c e l l s i n c u l t u r e , Proc. N a t l . Acad. 
S e i . USA, 73:2361 (1976) 
4) Τ. M. H o l l i s and L. A. Rosen, H i s t i d i n e d e c a r b o x y l a s e ac­
t i v i t y o f b o v i n e a o r t i c e n d o t h e l i u m and i n t i m a - m e d i a , 
Proc. Soc. Exp. B i o l . Med. 141:978 (1972) 
5) M. A. Gimbrone J r . and R. W. A l e x a n d e r , A n g i o t e n s i n I I 
s t i m u l a t i o n o f p r o s t a g l a n d i n p r o d u c t i o n i n c u l t u r e d 
human v a s c u l a r e n d o t h e l i u m , Science 189:219 (1975) 
6) J. Schräder and E. G e r l a c h , Compartmentation o f c a r d i a c 
adenine n u c l e o t i d e s and f o r m a t i o n o f adenosine, Pflü-
g e r s A r c h . 367:129 (1976) 
7) J. Schräder, S. Nees, and E. G e r l a c h , Evidence f o r a c e l l 
s u r f a c e adenosine r e c e p t o r on c o r o n a r y myocytes and 
a t r i a l muscle c e l l s , Pflügers A r c h . 369:251 (1977) 
8) R. M. Berne, C a r d i a c n u c l e o t i d e s i n h y p o x i a : a p o s s i b l e 
r o l e i n r e g u l a t i o n o f c o r o n a r y b l o o d f l o w , Am. J . 
P h y s i o l . 204:317 (1963) 
9) E. G e r l a c h , B. D e u t i c k e and R. H. D r e i s b a c h , Der N u c l e o -
t i d - A b b a u im Herzmuskel b e i S a u e r s t o f f m a n g e l und s e i -
ne mögliche Bedeutung für d i e K o r o n a r d u r c h b l u t u n g , 
N a t u r w i s s e n s c h a f t e n 50:229 (1963) 
10) S. Nees, A. L. Gerbes, B. Willershausen-Zönnchen, and E. 
G e r l a c h , I s o l a t i o n , c u l t u r e and m o r p h o l o g i c c h a r a c t e -
r i z a t i o n o f e n d o t h e l i a l c e l l s f r o m c o r o n a r y v e s s e l s , 
a b s t r a c t o f t h e 5 1 s t M e e t i n g ( S p r i n g M e e t i n g ) o f t h e 
Deutsche P h y s i o l o g i s c h e G e s e l l s c h a f t , K i e l (1979) 
